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Introduction
Most of the experimental studies conducted with ovarian implants have the purpose of maintaining the endocrine function [1] [2] [3] . In special situations, when it is necessary to remove the normal ovaries due to cancer or infectious processes of the pelvic organs, the absence of ovarian hormones may provoke various endocrine and functional disorders 4, 5 . Among them, the most common are osteoporosis, reduction of libido, sexual dysfunction, and enhancement of lipoprotein levels 6 . In other cases, chemotherapeutic drugs and radiotherapy for the treatment of leukaemias and lymphomas have detrimental effects on the population of ovarian follicles which often result in premature menopause 1 . In addition, developing strategies to manage reproduction in women facing premature menopause would also be useful 4, 7 .
The recovery of reproductive capacity has been long neglected by researchers [7] [8] [9] [10] . Over the last few years, scientific advances have permitted the occurrence of pregnancy in cases of ovariectomy by means of various methods, such as ovarian cryopreservation, ovarian follicle transplantation, ovarian implants and others 11 .
There are still few reports about the restoration of ovarian function with satisfactory reproductive rate 11, 12 . According to several authors, a vascular pedicle is of fundamental importance to preserve the viability of the ovary 12, 13 , whereas others have shown that avascular ovary implantation preserves the endocrine function of the organ in rats and mice, but with a low reproductive rate 14, 15 .
The aim of the present study was to determine the occurrence of natural pregnancy, as well as the morphologic and endocrine aspects of ovaries after orthotopic allogeneic and autologous ovarian transplantation without vascular anastomosis.
In order to define the best ovarian implantation method, intact and sliced transplanted ovaries were compared.
Methods
This study was performed according to the recommendations of the Guiding Principles in the Care and Use of Animals, and was approved by the Ethics Committee of the Department of Surgery, Medical School, Federal University of Minas Gerais.
Fifty-six sexually mature New Zealand White (n=28)
and California (n=28) female rabbits (Oryctogalus cuniculus) and ten New Zealand White male rabbits with confirmed fertile capacity were used. The animals, ranging in weight from 2450 to 2700g, were housed in individual cages and received rabbit food and water ad libitum. They were allowed to adapt and were observed for health status for 20 days. Before surgery, the animals were fasted for 12 hours.
The female rabbits were randomly divided into three groups with half of the animals belonging to each breed:
Group 1 (n=8), submitted to median laparotomy and laparorrhaphy;
Group 2 (n=24), submitted to ovariectomy and orthotopic transplantation of both ovaries. These animals were divided into: The rabbits of group 3 had their ovaries reimplanted according to the subgroups using the same procedure described for Group2 with the only difference of not changing the ovaries between the two breeds.
After the surgical procedure and during the follow-up period, the female rabbits received food and filtered water ad libitum in separate containers and were maintained in individual cages.
After a three-month-period after the surgical procedures, the females of the transplanted, reimplanted and control groups were daily paired with a fertile males from a different breed of the females ones. The males were randomly changed among the cages with the female rabbits of all groups. After getting pregnant the females were maintained isolated in their cages until the end of the pregnancy and they were not paired again. The number of successful pregnancies and litters born of each rabbit, and the gestational complications were registered.
Nine month after the surgical procedure, serum levels of estradiol, progesterone, follicle stimulating hormone, and luteining hormone were assessed. The reference values of these hormones were based on the results obtained from animals of Group 1, known to be fertile, healthy and of a similar age to that of the rabbits submitted to allogeneic and autologous transplantation.
The hormones were quantified by radioimmunoassay and immunofluorimetry.
At the end of the nine-month-follow-up period, all female rabbits were killed by anesthesia with ketamine (50 mg/kg) and excess ether inhalation The uterus, both ovaries and the Fallopian tubes were removed for morphologic study. The samples were fixed in Bouin's solution and prepared as paraffin-embedded wax blocks. Serial sections were cut at a thickness of 5 µm and stained with hematoxylin and eosin for routine histologic examination.
The chi-square test with Yates correction was used to compare the number of successful pregnancies in each group, oneway ANOVA and the Tukey-Kramer tests were used to compare the number of litters for each rabbit and the hormone levels of the groups. The differences were considered significant for p<0.05.
Results
All the animals recovered spontaneously from surgery, had an uneventful follow-up and survived during the nine months of this experiment period. The weight of the rabbits increased uniformly and no overweight animal was registered. Table 1 shows the hormone levels of all groups. Ovarian hormones were detected in all the rabbits with allogeneic and autologous transplanted ovaries, even in the animals that not became pregnant. No difference was observed in the hormone levels between the groups and subgroups of rabbits in comparison to the control-group, except for subgroup 2C who presented higher level of estradiol (p<0.05). 
Discussion
The aim of autologous and allogeneic ovarian transplantation is not only to preserve the hormonal function of the organs and to prevent the adverse effects of perimenopausal period 6 , but also to restore reproductive capacity 8, 12 .
Experimental studies on ovarian autoimplants have been performed since the XVIII century, but this procedure became relevant only in recent years 11 . The multiplicity of animal species and methods of investigating the ovarian function is responsible for the controversial informations of the literature 4, 13, 15 . The choice for rabbit was due to its intense reproductive capacity and feasibility of the surgical procedure without special instruments 16, 17 .
The ketamine was used by its characteristics of inducing mitigation state, immobility and accentuated analgesia with wide margin of safety and easy control of the anesthetic level.
The cyclosporine (CyA) was given only to females of Although the fertility rate of subgroups 2A and 3A was lower than subgroups 2B, 2C, 3B and 3C, these results were not significantly different, probably due to the little amount of animals in each group. It is worth to emphasize that the percentage of litters obtained in the present study was higher than the data of the literature 12, 13 .
The absence of pregnancy in half of the rabbits of groups 2 and 3 may have been due, at least in part, to adhesions surrounding the tubes, and probably preventing fertilization.
We could not find the factors related to those adhesions other than natural inflammatory reaction of organism to trauma. The possibility of post-transplant hypoxia in the ovaries because of a lack of vascular pedicle should be considered. However, the adhesions were not exclusively found around the ovaries, but throughout the abdomen. Although pregnancy was not detected, the endocrine function of these rabbits was preserved. Undetected pregnancies may have occurred in both groups, since abortions or other abnormalities of pregnancy could not be assessed.
Conclusion
Intact or sliced orthotopic allogeneic and autologous ovarian transplantation without a vascular pedicle is viable in rabbits and these animals may conceive and deliver litters naturally.
